The active site of human C4a anaphylatoxin.
The human C4 activation peptide C4a has recently been shown to be biologically active and to share common tissue receptors with human C3a anaphylatoxin. Human C3a and C4a each induce contraction and cause cross-desensitization of isolated guinea-pig ileal strips. The essential active site of C3a is comprised in the model peptide containing the five COOH-terminal residues, Leu-Gly-Leu-Ala-Arg. The anaphylatoxic activities of the corresponding C4a pentapeptide, Ala-Gly-Leu-Gln-Arg, and several other synthetic peptides related to the COOH-terminal sequence of human C4a were examined. The C4a pentapeptide induced contraction of guinea-pig ileum at 1 X 10(-3) M and produced a wheal and flare reaction in human or guinea-pig skin when 2-5 mumols were injected intradermally. The corresponding C3a pentapeptide is 500-fold more active, since it induces contraction of guinea-pig ileum at 3-4 X 10(-6) M and only 4-10 nmole induce a visible skin reaction. Although the C4a pentapeptide is relatively inactive compared to the C3a pentapeptide, two analogs of these peptides, Leu-Gly-Leu-Gln-Arg and Ala-Gly-Leu-Ala-Arg, each exhibited significantly greater activity than Ala-Gly-Leu-Gln-Arg and each analog desensitized ileal smooth muscle towards contraction by either C3a or C4a. Thus it is a combination of two amino acid substitutions, the Ala for Leu-73 and Gln for Ala-76, in the COOH-terminal pentapeptide of C3a that accounts for the markedly reduced activity of C4a. The contribution of the COOH-terminal portion of C4a on its activity was further documented by examining the C4a octapeptide, Lys-Gly-Gln-Ala-Gly-Leu-Gln-Arg and a trialanyl analog, Ala-Ala-Ala-Ala-Gly-Leu-Gln-Arg. The C4a octapeptide, C4a (70-77), exhibited 5-fold greater biologic activity than the C4a pentapeptide, while the trialanyl analog was 40-fold more active. Anaphylatoxic activities of the C4a-(73-77) pentapeptide, C4a-(70-77) octapeptide, and the trialanyl octapeptide analog and their ability to specifically block the action of C3a and C4a on smooth muscle tissue support the conclusion that, as in C3a, the essential active site of C4a resides at its COOH terminus. Since C4a functions as an anaphylatoxin and significant quantities of this mediator may be generated in individuals with hereditary angioneurotic edema (HANE), the hypotheses that the kinin-like activity promoting edema in HANE patients is derived solely from component C2 and/or kininogens should be reappraised. The activities previously assigned to C4a and now confirmed by synthetic C4a analog peptides suggest that the kinin-like activity generated in HANE plasma may be derived in part from C4a.